Deoxyribonucleic acid hybridization among three immunological types of Corynebacterium renale (Migula) Ernst was carried out. The data indicated that hybridizations between the different types were lower than those obtained in the homologous systems and that the three types of C. renale are not too closely related.
Corynebacterium renale (Migula) Ernst is a species which causes pyelonephritis and cystitis in cattle. Three types of C. renale were identified in our laboratory by the antigenicities of their cell wall extracts by immunodiffusion (25) . Differences in some biochemical properties were also shown: xylose was fermented only by the strains of type 111, and nitrate was reduced only by the strains of type I1 (25) . Further differences between the three types were found: the strains of type I11 required more growth factors and amino acids than the strains of other types (1 3) ; the strains of type I1 had numerous pili, whereas those of type I and usually those of type I11 had a small number of pili (26, 27) ; lysogeny was found only in strains of type I (28) . Virulence for cows was also different between the three types: the strains of type 111 caused severe hemorrhage, epithelial degeneration, and ulceration of the mucous membrane in the urinary bladder. The strains of type I caused cystitis less severe than those of type 111, and the strains of type I1 were least in virulence (14) . Differences in their deoxyribonucleic acid (DNA) base compositions were also confirmed (17) . Averages of the guanine plus cytosine ( G C ) contents expressed in percentage were 56.7 * 1.1 (type I strains including ATCC 10848), 57.9 f 1.9 (type I1 strains including strains 45 and 46), and 53.5 * 0.9 (type I11 strains including strains 42 and 43).
The present study was undertaken, using strains employed in previous studies, to determine what relationships exist, if any, among the three types of C. renale by the DNA hybridizat ion technique.
MATERIALS AND METHODS
Bacterial strains. Strains of C. renale used in the present study were American Type Culture Collection (ATCC) 10848 and ATCC 19412 (type I), strains 45 and 46 (type II), and strains 42 and 43 (type III), all isolated from cows with signs of pyelonephritis. The typing of these organisms was done by immunodiffusion (25). Radiolabeled DNA was extracted from ATCC 10848 (type I), strains 46 (type 11), and 42 (type 111). Control strains were C. pseudotuberculosis (ATCC 809), which, on the basis of a numerical taxonomy study is not too closely related to C. renale (lo), and Escherichia coli 0 -1 11, which is known to be taxonomically remote from C. renale. Two strains of E. coli (H/r 30 RT' and H/r 30 RT-) were used only in the test of thymidine kinase activity.
Media and cultural techniques. Cells were grown in nutrient broth or in a Casamino Acids medium containing 0.5% Casamino Acids (Difco) and 0.5% NaCl. Nutrient agar with 0.5% glucose was also used. The pH of the media was 7.2. The organisms were grown at 37 C for 48 h, except for E. coli, which was grown at 37 C for 24 h.
Enzymes and radioisotopes. Ribonuclease (RNase) (EC class 2.7.7.16) and deoxyribonuclease (DNase) (EC class 3.1.4.5) were purchased from Sigma Chemical Corp. (St. Louis, Mo.). 3H-thymidine (5.0 Ci/ mmol, 20.5 mCi/mg) and 3H-uridine (5.0 Ci/mmol, 20.6 mCi/mg) were purchased from the Radiochemical Centre (Amersham, England).
Preparation of DNA. DNA was extracted and purified by a modified phenol extraction p:ocedure previously described (1 7).
Preparation of labeled DNA, As described below, the DNA of the strains of C. renale was not labeled when cultivated in the presence of H-thymidine. Therefore, 3H-uridine was used for labeling the bacterial DNA. incorporation of tritium from Huridine into DNA has been reported (1 
E. coli
Infectious canine hepatitis virus-infected dog kidney cellsb cultivated in the broth containing 1 t o 1.5 pCi of H-uridine per ml and harvested immediately before the stationary phase and purified as described above. The purified, labeled DNA was further treated two or three times with RNase.
Immobilization of DNA on nitrocellulose filters. The DNA was diluted in standard saline citrate (SSC: 0.15 M NaCl plus 0.015 M sodium citrate) and denatured by boiling for 6 min with quick cooling. The denatured DNA in SSC was slowly passed through a membrane filter (Millipore Corp., 100-nm pore size, VCWP2500). The filter was washed with distilled water before use. After application of DNA, the filter was dried overnight at room temperature and then in a vacuum oven at 8 0 C for 2 h. Approximately 30 pg of DNA, calculated from optical density absorption at 260 nm of the DNA solution before and after filtration, were usually immobilized on each filter.
DNA-DNA hybridization. A filter on which unlabeled DNA was immobilized was incubated in a scintillation vial containing 1 ml of preincubation mixture (PM) at 65 C for 6 h according to Denhardt (7) . The filter was then placed in another vial containing 1 ml of 6 X SSC, to which was added about 3 pg of labeled and sheared DNA, and incubated at 67 to 68 C for 12 h. After the hybridization was completed, the filter was carefully washed with 30 ml of 0.1 X SSC on each side. It was then dried at room temperature, placed in a vial containing a toluene scintillation solution, and assayed for radioactivity in a liquid scintillation counter (Horiba, Kyoto). As it was impossible to immobilize the same amount of the unlabeled DNA on each filter, the labeled DNA was hybridized with the unlabeled DNA in unequal amounts. The labeled DNA hybridized with thc unlabeled DNA, therefore, was determined by the count per 1 pg of unlabeled DNA. The amount of DNA on the filter was estimated after each hybridization by using Burton's modification of the diphenylamine reaction 
RESULTS
Lack of thymidine kinase activity in C.
renale. C. renale strains ATCC 10848 (type I), 46 (type 11), and 4 3 (type 111), and E. coli strains H/r 30 RT' and H/r 30 RT-, as controls, were cultivated at 37 C for 72 h in 1 ml of the Casamino Acids medium containing 1 pCi of 3H-thymidine per ml. The cells were harvested by centrifugation. The radioactivity incorporated into the cells per milliliter of culture was 83 to 127 counts/min for the strains of C. renale, whereas it was 22,714 to 29,148 counts/min for the strains of E. coli. Thus H-thymidine was incorporated into the cells of E. coli but not into the cells of C.
renale. This fact suggests that C. renale may not possess thymidine kinase activity. Thymidine kinase activity of C. renale was, therefore, measured by the method of Bresnick and Thompson (4). The results (Table 1) indicate that the thymidine kinase activity of C. renale is extremely low, whereas that of E. coli and of dog kidney cells infected with infectious canine hepatitis virus is high. The lack of thymidine kinase activity in cells of C. renale has thus been demonstrated.
Incorporation of 3H-uridine into the DNA of C. renale. A 1 0-pCi amount of H-uridine was added to 1 ml of the Casamino Acids medium in which C. renale ATCC 10848 was then inoculated. The radioactivity incorporated into the cells of ATCC 10848 was 415,700 counts per min per cell. Incorporation of H-uridine into the DNA was then determined as follows. Purified DNA was obtained from the cells of ATCC 10848 grown in 400 ml of broth containing H-uridine ( 1 pCi/ml), using the purification procedure involving RNase treatment. The radioactivity of the purified DNA solution, which was RNase (100 pg/ml) resistant, was 1,693 counts per rnin per 25 pliters. The labeled DNA was, however, extremely sensitive to DNase; the radioactivity decreased to one-tenth after the treatment with DNase (20 pg/ml; for 1 h at 37 C). The results indicate that the DNA was labeled with tritium from H-uridine. The specific activity of the labeled DNA of ATCC 10848 (type I) was 1,963 counts per min per pg, that of strain 46 (type 11) was 1,022 counts per min per pg, and that of strain 42 (type 111) was 430 counts per min per pg. In the following hybridization experiments, therefore, the DNA of C. renale labeled with H-uridine was used. Determination of the ratio o n the filter of labeled DNA to unlabeled DNA. The ability of hence, a not too close relationship was indicated.
C. pseudotuberculosis was unrelated t o C. renale, as was E. coli. It has been reported generally that the same species have approximately more than 80% DNA homology (8, 16, 24) . From this standpoint, types I, 11, and I11 of C. renale might be of different species.
DISCUSSION
The DNA hybridization technique has been used t o study genetic relationships among many bacterial groups and among yeasts, such as the Enterobacteriaceae (3, 20) , Bacillus (23), Pseudomonus (6), Pasteurella (22) , Streptococcus (24) , Neisseria (1 6), Agrobacterium (1 2), Brucella (1 5), Candida (2), Mycoplusma (2 l), Leptospira (9), Mycobacterium (8), and Clostridium botulinum (1 8 , 19) . In this paper, the DNA hybridization technique was applied t o determine the relationships among members of C. renale. The results indicated that types I, 11, and I11 were not so closely related. The results of the DNA homology test may suggest that types I, 11, and I11 should be recognized as different species. However, the taxonomic relationship of the three types of C. renale will be determined after a numerical taxonomy study of this species, which is now in progress.
There was a lack of concurrence in the data on the cross-homology studies. For example, type I DNA only absorbed to a level of 15% to type I11 DNA, whereas type I11 DNA absorbed t o type I DNA to a level of 47%. This was the most striking example. Peterson and Pollock (21) reported that the lack of concurrence in the data in their cross-homology studies was due to difference of genome size of each DNA. This might also be the case in our study.
C. pseudotuberculosis was not closely related to the strains of C. renale from the viewpoint of DNA homology. This is in accord with the results of the numerical taxonomy study of corynebacteria by Harringtori ( 10) .
It is interesting to note that thymidine was not incorporated into the DNA of C. renale due to the lack of thymidine kinase activity, but the DNA of C. renale was labeled with the tritiuy from 3H-uridine. The uridine tritiated in the 5 position was originally used as the RNA precursor because the tritium in the 5' position is lost under biological conditions when uridine is methylated t o thymidine (1 1). In the present study, however, the tritium of H-uridine was incorporated into the bacterial DNA. Presumably, the labeled uridine was converted to deoxycytidine derivatives after phosphorylation and was incorporated into the DNA. Much higher specific activity might be obtained if labeled adenine were used instead of 3H-uridine.
H-uridine was incorporated in the DNA of type 111 strains in smaller amounts than that incorporated in types I and 11. Thus, it may be surmised that type I11 may possibly be different from types I and I1 in the metabolic pathway of nucleic acid.
Tritium from
